Electron Impact Excitation Cross Section Measurement for n=3 to n=2 Line Emission in Fe17+ to Fe23+ by Chen, H et al.
UCRL-PROC-220791
Electron Impact Excitation Cross Section
Measurement for n=3 to n=2 Line
Emission in Fe17+ to Fe23+
H. Chen, P. Beiersdorfer, G. V. Brown, J. Scofield, M.
F. Gu, S. M. Kahn, K. Boyce, R. Kelley, C. Kilbourne, F.
S. Porter
April 21, 2006
NASA 2006 Laboratory Astrophysics Workshop
Las Vegas, NV, United States
February 14, 2006 through February 16, 2006
Disclaimer 
 
 This document was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor the University of California nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for 
the accuracy, completeness, or usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any 
specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise, 
does not necessarily constitute or imply its endorsement, recommendation, or favoring by the United 
States Government or the University of California. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States Government or the University of California, 
and shall not be used for advertising or product endorsement purposes. 
 
 	
ﬁﬀﬃﬂ !
#"%$&$% '
)(+*-,&./
!,0&12.345%1
6798;:#<!=>@?BA'CED+FG:#<H6JI:)KL<FM<KN>O? PQ=R>TSSVUO8:#<K9>O?XW 8FYSZO=8MC[8M?T<]\ﬁ>G=V^+_a`
<>b^+_acEd/K?@8[6eCEKNSSK9>@?fK?fg+8Ghikjl<>bg+8;mknkj
oqp#rGstu
vMpwTyxz1{'|%N}~y
	p./pwT|%OtJﬃt{poqpﬁ|ﬃy{
Łﬃ#k20k&'5kLﬁyŁ ¡O¢	Ł£Ł¤yŁ55¥Y¦5§¦¡k T¨Ł£ﬃkk/5ﬁT &LŁ5&©#¦5ªk59&L5kﬁ¥
¨Ł£ﬃkk/5ﬁ¥¬«;E­®¯5¯'°
±²p3p#2t{ep±²p³-st
´YyŁ ¡+¢/5Lk!µ¥MRL5¡¶y5¸·¦Ł£ﬃkyŁzL¥¹«;[­®º'»%¯
³¼p¾½¿pwT|&ﬁ5
!½-p,p0³yzzy'
5rpÀqp³+xzÁ|&Ât	ﬃt{TppvM|%Ãy
Ä
%555¿5R5 Å3ÆG©ÇŁﬃ!¹«Tk'9k¥
Ä
ﬁkkª©¥)ÈÉ¢[Ê»!Ë5Ë&°
ÌÎÍÏuÐqÑÎÌÎÒ	Ð
Ó²3sﬃÔ!GÕÎ&19Å{¿ÃsOzkÃ|%t/xzÕÎÖR&ﬁÃ)×ﬁxÁÃﬃÃÂxz|%tØﬁ|Ù11G1NkÃxz|%t1Ú}~|%YÃÂs1NÃÂ|%t4
xÁ|&t,ﬂÛ1NsÁGÜÉÝ "ÎzxÁt12|}qÞ+.-ßÂßßOÃ|	Þ+Þ-ßL.[Ã-ÃsáàGwOßNâYﬂÛßOzkÃ|%t¸ﬃÕ
xÁ|&tVÃﬃÖV19xzt4]²ﬁ1NÃﬃ¹1NÖﬁÃÂ|%ÕÎÃyÎt{V*+À¿!ÀOﬂ|!{{{a5ÖR&ﬁã;Áxz4%sÃÎrGt'ﬂ
ÃÂ1 åäæ ¼ÖxÁ×'yﬃﬃJÕÎxçﬁ|!z|%xzÕØÃÂpGâTsèﬁ|Ù11+19ﬁÃÂxz|&tR1@OÂ	{'ÃyÕÎxÁt{
{'xÁkÃ/t|&ÂÕJﬃÁxzéÃxz|%t²Ã|êÃsOzG19Ãﬃzx19s{ëﬁ|Ù11Ø1NﬁÃÂxz|%tH|ﬃ}&{!xﬃÃÂxzÔ!ÎÁﬁÃÂ|&t
ÖÃÎÃÂs|%4&sëÉ19|&Ösx1NÃÂxÃ{ãÕÎ|!{'3ﬃtRﬃz1Nxç1¿Osxçﬁsã19zÃ1¿xztãÃsÎ×ﬁxzÃﬃÃxÁ|&t
ﬁÂ|51Â1q1NÅﬁÃxÁ|&t¸}~|&qÃÂsá1NÃÂ|&t4ãÎ,ﬂ919sÁTzxÁt1+ÃqÕÎzÃxÁÇqÁﬁÃÂ|&t¸yt4%xz1kpJâTsx1
ÕÎÅ&1NÕÎyt'Ã-x1qÖRﬃÃØ|ﬃ}è¸|%Ã|&ÂHÞ2ﬂ²%1NÃÂ|&Ös19x1qÖ|&4%Õ ÃÂxzzxÁéxzt4ÉÃs
,xÁÔ'ÂÕÎ|&ÂOzÅﬁÃÂ|&tÎÕìxÁ|&tJÃﬃÖ1àGwOß9âYﬂ9ßGﬃtR{ÉàGwOß9âYﬂ9ßÂß¡p
0!ªµí ﬁ255Ł&ﬃî/ÕÎ|%zk-{ﬃÃðï ÕÎ|&ÁﬁçﬃÖ|!ﬁÅ11NÅ1ﬁñ/Ös|%Ã|!{'xç11N|!kxﬃÃÂxz|%t]ï
19Ãﬃ1ﬁñ3ﬃÃÂÕÎ|519ÖsÂ1
òó ôﬁõ#ö÷ø)ùú;û&öÅüýøõ
âTsOÃ|%ÕÎxM{ﬃÃ|ﬃ}xÁ|&tèﬃÂTÔ!xzÕÎÖ|%ÃtÃ}~|%;xÁtÃyÖÂÃxÁt4TÔ!xzÂÃzz¹ﬃÁ'ÃÂ'Ö1#|}|&R1NÂÔ5Åﬂ
ÃxÁ|&t1G19xztﬁ3xzÂ|&tØx1;ÃÂsOÕÎ|519ÃGﬃt{tÃMsxÁ4&s'ﬂÂþÎÁÕÎt!Ã)t{/&{!xﬃÃÂ1MÖ|}~1NyzqxÁt/ÕJﬃt-1NÖﬁÃÂ
t{1ﬁp-ßLtß1NÖﬁxÇ0&
Ãsè1NÖﬁÃÂﬃÇﬂLÂxﬁsJÕáx119xz|%tð}~Â|&Õ Ãs/xz|%tQ,ﬂÛ1NsyzMs%12t|&t/|}TÃÂsqÖx¤ﬂ
ÕJØ{'xçﬃ4&t|51NÃÂx+Ã|5|%1T|}MÃÂs+sxÁ4&s'ﬂ19|&ÁÃxÁ|&tJ4&ﬃÃxÁt4Ø1NÖkÃ|%ÕÎÃÂ1M|&tJÃÂs 
	

ﬀﬂﬁﬃ! #"%$'& )(+*-,./)021!3546,87'9802,8:;4<3>=@?BA2,849#4CD0EF98GH460I,84698:KJ6CDLM0#N46C;:;OAP4>QR0I,9+GﬀI31S464UTHVO9
EW0I,XY,Z90):[H9846,8TH,49\9GH4354GH:[AIGN*-,84<350IC[VH98:[0I
(+*],Z/^35T!4J>9,.#=+_Y435TH:[98498GO43544>QR0I,9.3+:[`:;LMTH,0I7#:aHA
98GO4U9802LM:KJMJ6CKJbVHCK98:;02!3>cd9GH4`H44eEW0I,fCK1!02,.90I,/gL^4I3hVH,84L^4N9Z3+:K3iJbC;4,j),4T!494NC[/NckCK1S0*
,.9802,8/lH9.eG!7#4f35GO0IX9G!9fJCKJ>VOCK9:;02!3P,84`:;!2JJ>VH,Z94M0I,i:[!J>0IL^THC;494i1!4JVﬀ354`98GH46/LM:m383
J>,V!J>:KC\THGO/H3h:KJ3C;4bEW9i0IVH9f23nT!,89i0EH4J>4<3838,8/oTHTO,80Ip#:;L98:[0I!3fq]r\4:[4,.3N0I,hEW4,
2sIs2tvu
=xwy0e2v*
N,4383\9GH4H44<nEW0I,@7'C[:KH98:[HAP9GH4JCKJ>VHCm9:;0Iﬀ3zV!3h:;HAi4p#T!4,8:[LM4#9.CHH9.#cH0IVH,Cm1!0I,Z9802,8/M(Y*],Z/
I3h98,0ITHGH/O35:mJ3dTH,802AI,ZLec'VH9:;C;:[{:;OA98GH4|4C;4Jb98,802i1!4L}:;02M98,ZT!3@~zrhwz*dﬀM~Fr5wz*89\9GH4|+H:*
7#4,.3h:;9h/U0Ei@C[:EW0I,H:KRX,84ﬀJ>4U!:;7#4,LM0I,4M98:[0I!CR1!0I,Z9802,8/G!I3iLM4235VH,490ILM:mJMH9.
:;ﬀJ>C;V!#:;HAi:[0IH:[{9:;0I
!,4J>0IL^1H:;!98:[0I^J>,80383Y354J>9:;02!3ŁEW02,JbG!,AI41!CK!J>4iJ6CKJbVHCK98:;02!3>cH46LM:K3]*
35:[0I
C;:;O4PC;:m359Z3>cH4pOJ>:;9Z9:;0I
J>,0'33354Jb98:;02!3>cRﬀeN:;4C[4J>9,80IO:KJ+,4J>0IL^1H:a!9:;0I^,843h0I!!J>4i3h98,4HAI9G!3
EW0I,Y:;O984,TH,849:;HA(+*-,./)C[:;H4EW02,8L`98:;02D=+`9GH4P:[,80I`4pOJ>:[9.9:;02UJb,80'33L^4I3hVH,84L^4N9Z3>cNYV
49YC-=
q86I2INc
Is2s

u
G!7#4\,4T!0I,984MLM4235VH,4LM4#9.3DEW0I,YS4Y((

S4Y((]C[:;H4<3z98Gﬀ9X4,4+H02,8L`C;:[{4
980
JCKJ>VOCK9:;02!3:;e98GO4)GH:[AIG4H4,AI/
C;:;L^:;9=?+C[98GH02VHAIGo35V!JbGeMH0I,L`C[:;{98:[0IJ1!4iE-:;,C;/
,84C[:*
1OC;4f9GH:;A2Ge4C;4<J>98,0IN*-:;02J>0IC[C;:K3h:;02e4H4,AI:;4<3>c%9GH4M2JJ>VH,ZIJ>/
0EŁ4C;4Jb98,80238J9894,8:[HA`JCKJ>VHCm9:;0Iﬀ3
9|98GH43h4i4H4,AI:[43:m34<3598:[L`94M980M1!4i02HC;/
980e6

tIs'
q5!G!HAM49C]=k2I
u
ck!UL/M:[E-IJb9
1!4LMV!J.GiX0I,Z354qE-2J>9802,.3\0E98X0|0I,LM02,84'c'3h44P'4<J>98:[0IMi0Ek98GH:m3\T!T!4,
u
cN:aEk98GH4|C;47#4CK3,84<QR4J>94
1H/^J>0I#!AIVH,Z9:;0Ie:[H9846,.IJb98:;02!3>=F?LM0I,41!2JJ>VH,Z984|LM498GO0#:m3O0I,8LC;:[{:;OAiN:[,84J>9C;/f980f,.2N:K98:;7#4
4C[4J>98,0I
JTH98VH,4'cH:]=4'=d,.2N:K98:[7N4,4J>02LM1H:a!9:;02eq] Y 
u
=!¡U4I3hVH,846LM4#9.3d0E@3h0ILM4!4PH*h3hGH4C[CkJ>,80383
354<J>98:[0I!3+VO98:;C[:;{:[HA^ + ¢EW0I,H0I,L`C[:;{98:[0IUGﬀI31!44,84T!0I,984U1O/ﬂFGO4469C-=dq
2sIsI
c
IsIs

u
!
r\,802X49£C]=q
Is2sI¤vu
=lw\GH43h4L^4I3hVH,84L^4'9.3X4,4)L`2N4fTS0383h:;1HC[4:[lT!,9i1H/e98GH4
7':[CK1H:;C[:;9]/
0EŁMGH:[AIGN*-,843h0IC[VH98:[0IDc%Cm,AI4>*,4NcDA':;N*359Z1H:[C;:[{4L^:KJ>,0#JC[0I,8:[LM494>,6cN98GO4i4HAI:[H44,:;HA^35Tﬀ,84fLM:a*
J>,0#JC[0I,8:[LM494,SEW,0IL¥9GH4\02,8:[AI:;ﬀC!¦§¨©ª`«M¬x3894C;C[:;94zL^:K383h:;02D=k35:[HA+9GH:K3D984<J>GHH:m­vVH4cX4zGﬀ7#4
,84<J>4H9C;/iLM4235VH,4MC;Ck359,802HA`"ﬂ®
tn¯ 
H*h3hGH4C;Ck!4C;:[H43zEW,0IL°S4I±-²h³90M!4´]µ³%=w\GH4,84<35VHC[9.30E
98GO4354LM4235VH,4LM4#9.3,84TH,43546H984fGH4,84=
¶%· ¸¹NºO»¼y½¹#¾l¹N¿%ÀºH¿kÁºO¿yºHÂKÃk»ÄW»
YVH,\4p#T!4,8:[LM4#9.3DX4,84YJ6,8,:;4f0IVH9@0I`98GH4~zrhwz*dN47#:KJb4Pqh!47N:[H4Y49C]=!2I
u
=+':[LM:;Cm,d90
98GO4z46pNT!4,:;LM4#9.C354698VHT£N438Jb,8:;1!4:[0IVH,kTH,47N:[0IV!3%L^4I3hVH,84L^4N9O0Ii~Frhwz*8yqhFGH449kC]=
Is2s

u
c
X4YV!354`iJ>,/H3h9.CD35T!4Jb98,802LM494,Yq]r\4:[4,.3N0I,hEW4,Å¢Æl,8AI46C;:;Ç6IOÈ!r\,802XM49C]=D6II
u
90IA2498GH46,
X:;9Ge98GH4i( HÉ<~Fr5w¢LM:mJ>,80#J6C;02,8:[LM4>94,#4984Jb980I,£q]Ê4C;C[4/M49C]=I2
u
=)w\GO4iLM:KJ>,0#JC[0I,:;LM4b984,
G!2346H4,8A2/U,43502C;VH9:;0Ie1!49984,|98G!Ë
s
4Ì!`N/NﬀLM:mJ,.HAI4PEW,0IL
s
=;P90
sMÍ
4£=!w\GH4
J>,/H3h9.CŁ35T!4J>9,802LM49846,46LMTHC;02/I4eMÎR9f VH1H:mN:;VOLÏGH/ON,0IAI46THGH9G!Cm984
q] Y?Ð
u
Jb,8/O359.C]cdXGH:mJ>G
G!23M4H4,AI/J>0I7#4,ZAI4f0E1!0IVH96
s
4ÑT!4,^354998:[HAH=Òwy0J>027N46,9GH4H*35GO4C;CY!4C[:;H4<3EW,80IL
N:aQ%46,84H9ÓJ>G!,AI4|359Z984<3+qÔTOGH0I90I`4H4,AI:[43d1S4698X44
s
=Õ<980^I=[
Í
4ic4­vVO:;7'C;4O9y90PXY7'46C46HAI9G!3
1!498X464M
s
=Öi!U6N=Ö¢×?
u
c'X43h49\9GH4r\,ZAIA£HA2C;43\90
t2s
=Ö#c
t2
c
tI¤
!)
s
N4AI,443dEW0I,\7,:;0IVﬀ3
4C[4J>98,0I1S4<L 4H4,AI:[43£EW,0IL I=
t
980

=Ö
tÍ
4i=dw\GO4eJ>,/H3h9.C|35T!4Jb98,802LM494,iG!IØ,843h0IC;7#:;OA
ÙÚÙ
Û!ÜIÝÞß@Üà
Ú2áIâUã-äyåÒæç
ÜàŁèNéëênÞ6ì¥íîífÛHïHÜIîÜIðeÞðOÞß8ñ2òMÜàYóôNÞìõ.é
ç
Ü'öhî+ÜàFî8ïHÞ£ö5îß8ÜIðOñ
ä
Þ
Ú`÷
è
øHù
ö5ïHÞú[ú%ú[û;ðHÞöFÜIü!öhÞß8ý#ÞþiÝû;îïîïHÞß>ßòHöhî.íúDö5Û!Þßbî8ß8Ü MÞîÞßFÝÞß8ÞYß8ÞöhÜIú[ýNÞþIÝïHû;ú[ÞÜIðOú;ò^íàWÞÝÜàdîïHÜ'öhÞ
ÜIüﬀö5ÞßýNÞþfÝû;î8ï
î8ïHÞ Mûmß>ß8Ü#ß6íú;Ü2ß8û MÞî8ÞbßFÝÞß8Þvû[ú;ú!ö5îß.íîû;ðHñiîïHÞPðOÞÞþMî8ÜfÜIÛ!ÞßZíî8Þü!ÜIî8ïeû[ð!ö5îß	 ^ÞðHî.ö
ö5û 
Hú[î.íðOÞÜ!öhú;ò'é\ïHÞ
øHù
ö5ïOÞú;ú!ú;û[ðHÞödÝÞßÞ\ÛHßÞýNû[Ü!öhú;ò MÞ<íIöOß8ÞþPüHò\ß8Ü2ÝðiÞî@íú]é
ã
è2èvõ@íð!þ)î8ïOÞû;ß
úKíü!ÞúKöYíð!þUûmþNÞðHîûRß6íî8û[ÜIð!öíß8Þ!ö5ÞþUû[ðUîïHûKöÛ!íÛ!Þß6éHß ^ÞíIöHß8Þ ^ÞðNîZödÝÞß8Þ `í2þNÞíîÞú[Þß>îß8ÜIð
ü!Þíﬀ  ÞðHÞßñIû[Þö%ÜàóIé
ÚIâ
Só2éﬂﬁêﬃHó2é
â
ê!óIé HóIé
á
èHóIé"!ﬀﬁ	#è#é#
â
'èNé$ﬁ
â
Níð!þièNé"!
Ú
ô#ÞìbÝû;îïPü!Þíﬀ Ìß%Hßß8ÞðHîZö
ß.íðHñIû[ðHñeü!Þî8ÝÞ6Þðè
ÙoÚ
& ('Pé)\ïHÞ<ö5ÞMÞðOÞß8ñ2û;ÞöÝÞß8Þföhú;û;ñ2ïHî8ú[òeíüSÜ2ýNÞfî8ïOÞMû;Ü2ðHû+*íî8û[ÜIðîïHß8ÞöhïHÜIúmþ
Üà|û;ðﬀþNû;ý#ûKþﬃﬀíú\û[ÜIðß>ï!íß8ñ2Þ`ö5îZíî8Þ<ö£àWßÜ 
ä
ù
ú;û[ôNÞiîÜ
ø
û
ù
ú[û;ô#Þ,kíð!þlî8ïHÞ6òÝÞßÞMïHû[ñIïlÞðHÜHñIïxö5Üî8ï!íî
î8ïOÞPßbÜIðHîß8û;ü-Hî8û[ÜIð!öyàWß8Ü ÑþNû[Þú;Þßbî8ß8Ü2ðHûKßß8Þ<ß>Ü MüOûðﬀíî8û[ÜIðfß.í2þNûKíî8û;Ü2ð
íð!þMß8Þ<ö5ÜIðﬀíð!ß>ÞÞ.Oß>û[î.íîû;Ü2ðMî8ÜiîïHÞ
þNû[ß8Þß>îYÞ.Oß>û;îZíîû;ÜIð
ú;û[ðHÞPû[ðHî8Þðﬀö5û;îû;Þöß6íðeü!Þiû;ñ2ðHÜIßÞþ%é'+îî8ïHÞ<ö5ÞiÞðHÞ6ß8ñIû[Þö%RïHÜIÝÞý'Þbß!ß6íIö8ß6íIþNÞöàWß8Ü 
ïHû[ñIïHÞßiú[Þý#ÞúKö/ íòeßbÜIðHîß8û;ü-Hî8Þfî8ÜeîïHÞ`ú;û;ðOÞMû;ðHîÞð!öhû;î8û[Þö>é0/Oß1 MÞîïHÜ#þlþNÞîÞß Mû[ðHÞö+îïHÞ`Þ%2RÞß>îû;ý#Þ
ß>ßÜ'ö8ö|ö5Þß>îû;Ü2ðeî8ï!íîû;ð!ßbú+!þNÞ<ö+íú;úkÛSÜö8öhû;üHú[ÞfßíIößíIþNÞiÛOß8Ü#ß>Þöö5Þö
ã
HÛeîÜ(354 Iõíîî8ïHÞñIû[ýNÞð`Þú[Þß>îß8ÜIð
ÞðHÞ6ß8ñIû[Þö>é
yÜ|íð!íú;ò*Þî8ïHÞYßbÜ MÛHú[ûKßíî8Þþ
ä
Þ
øHù
ö5ïOÞú;ú!öhÛ!Þß>î8ßZíﬃIÝÞŁþNÞý#Þú;Ü2Û!ÞþíðOÞÝ6 MÞî8ïOÜ#þü!í2ö5ÞþiÜIðiîïHÞ
íîÜ MûmßPþHíî.íMß6íúKß7HúKíî8Þþ`Ýû;î8ïeîïHÞ
ä
ú[Þ.Nû[üHú;Þ'+îÜ Mû[ß8FÜ#þ#Þ
ã9
 è
Ú
õ.é\ïOÞ MÜ#þNÞúköhî.íßî.öÝû;îï
íiî8ïHÞÜ2ß8ÞîûKßíúDþHíî.íiü!íIöhÞPîï!íîû[ð!ß>ú+ﬀþNÞö\î8ïOÜ!öíð!þHöÜàÓú;û;ðOÞö% MÜ'öhî\ÜàÓÝïHûKß>ïfÝÞßÞî8Ü'ÜfÝÞíôfî8Üfü!Þ
 MÞí2öHßÞþ)Þ.#Û!Þß8û MÞð#î.íú;ú;òü	HîÝû[ú;úDßbÜIðHîß8û;ü-Hî8ÞYî8Üfî8ïHÞöhÛSÞ<ß>î8ß:	 Ñß>Ü2ú;ú;Þ<ß>î8û[ý'Þú;ò2é
å
ïHÞð
ß>Ü ^Û!íßû;ðHñ
î8ïOÞ)îïHÞÜIßÞî8ûmßíú; MÜ#þNÞúFÝû;îïîïHÞfÞ.NÛ!Þßû+ MÞ6ðNîZíúkþHíî.íﬃdÝÞfí2þ<!öhîPî8ïOÞ)îïHÞÜIßÞî8ûmßíúÓß>ß8Üö8öPöhÞß>îû;ÜIðﬀö
àWÜIß^íöHü!ö5Þ6îMÜàöhî8ßÜIðHñú[û;ðHÞ<önû[ðËÜIßZþNÞßfî8Ülí2ß>ïHû[Þý'ÞMí2ßß>ÞÛOî.íüOú;Þ
íñ2ß8ÞÞ ^ÞðHîé=\ïHûmö)íú;ú;Ü2ÝYö1!ö)îÜ
þNÞßû;ý#Þ\îïHÞ/ ^ÞíIöHß8Þþißbß8Ü'öö\öhÞß>î8û[ÜIð!öyàWÜ2ßzîïHûKöFöHü!ö5Þ6î\Üàkú[û;ðHÞ<ö%'íð!þMíðOòPÛ!Ü'öö5û;üOú;Þß>Ü2ðHî.í> Mû;ðﬀíî8û[ÜIðÜà
ÝÞíôPú;û[ðHÞöyû[ð)îïHÞYþNÞîÞß ^û;ð!íî8û;Ü2ðiÜà û;ðHîÞð!ö5û[î8û[Þö%Üàöhî8ß8Ü2ðHñPú[û;ðHÞ<ödíßÞí2ßß>ÜOðHî8ÞþàWÜ2ßFû;ðfî8ïHÞ|íð!íú;òOö5ûmö
Ýû;îïeî8ïHÞ6ÜIß8Þ6î8ûKß6íúFßíúKß%OúKíîû;Ü2ð!ö>é
ç
ÜIßÞfþNÞî.íû;ú[ÞþeþNÞöß>ß8û[ÛHî8û[ÜIðUÜ2ðîïHÞfþHíî.íUíð!íú[òHöhûKöß6íðüSÞPàWÜHð!þ
û;ð
ã
8FïHÞð`ÞîYíú-é!èIêvõZé
YýNÞßZíú[úHî8ïHÞßíúKß%OúKíîû;Ü2ð!ö\íñIß8Þ6ÞîÜiÝû;îïHû;ð
è,? Ýû;îï`î8ïHÞÞ@.NÛ!Þßû+ MÞð#î.íúHß8Þ<öHú[î.özàWÜIßYíú;úRú;û;ðOÞö>é
ä
Ü2ßÞ.Oíﬀ MÛOú;Þ,A
ù
ú;û;ô#Þ
ä
Þè%BDCFEG.è7B
G
H
EG
ÚI,J
EG
ãK
4
Ú
õ
÷
è%B
G
H
EG
ãK
4 è'õ+ïﬀíIöÞ.Oß>û;îZíî8û[ÜIð ß>ß8Üö8öö5Þßbî8û;Ü2ð
ÜàèLÖê
ãM
ﬃL
Ú
ﬁNõON^óQP
GSR
ß% 
G
OèﬃLﬂﬁ!
ãM
ﬃL
Ú
ﬁ#õTN^ó,P
GUR
ß% 
G
Oíð!þ^èﬃL
Ú
!
ãM
ﬃL
ÚIâ
õTN^ó,P
GUR
ß% 
G
Oß>Ü ^Û!íßû;ðHñ
î8ÜeîïHÞMîïHÞÜIßÞî8ûmßíú@ð		 fü!ÞßÜà|èL 
Ú
Nó
P
GUR
ß% 
G
FèLÖê
á
Nló@
P
GUR
ß% 
G
Fíð!þlèLÖêVNó
P
GSR
ß7 
G
ÓàWÜ2ß
Þú[Þß>î8ßÜIðÞðHÞßñIòeÜàió2éﬂﬁ'ê`ôNÞ6ìyó2é
â
êUôNÞìÌíð!þØó2é >Uô#Þì!ß8Þ<ö5Û!Þß>îû;ý#Þú;ò2éW' àWÞÝ Þ.Oß>ÞÛHîû;Ü2ð!öíß8Þí
ß>ÜHÛHú;ÞÜà
ä
ù
ú;û[ôNÞYú;û[ðHÞö
ã]ä
èIíﬃ
ä
èü)
ä
ó!2íﬃ!íð!þ
ä
ó> IõŁíîYÞú;Þ<ß>î8ßÜIðMÞðOÞß8ñ2û;Þö\Üàó2é
â
êWXÞì íð!þóIéY 
ô#Þìié\ïHÞþNû2RÞßÞð!ß>Þü!ÞîÝÞÞðiî8ïOÞÜIßòUíð!þZ ^ÞíIöHß8Þ ^ÞðNîZödû;ð`î8ïHÞ<ö5ÞàWÞÝßíIöhÞö+íß8Þ£íü!ÜHî
Ú
Q?}Ü2ß
ñIßÞíîÞßé[\ïOÞißí>!ö5ÞÜàî8ïOûKöYþNûKöß>ß8ÞÛﬀíð!ß>òfûKö\ðOÜIî|ß>ú;Þíßé
\
ÞîZíû;úmöPÜàîïHÞ& ^ÞíIöHß8Þ ^Þð'îkß8ÞöHú;îZö)íð!þËþNûmö8ß%ﬀö8ö5û[ÜIð!öfßíðËü!ÞàWÜHð!þgû[ðËû[ð
ã
8FïHÞðÞîfíú-é
èIê'õ.é
\ïHûKö\ÝÜ2ß8ôMÝYí2ö\Û!Þß5àWÜ2ß MÞþ
HðﬀþNÞßî8ïOÞiíﬀﬀö5ÛHûmß>Þö\ÜàÓî8ïHÞ]Pé^!é
\
ÞÛ!íß8î: MÞðHîFÜà`_ÓðOÞß8ñ2òüOò)îïHÞ
]+ðHû[ýNÞ6ß.ö5û[îhòMÜà8@íú;ûàWÜ2ß8ðHûmí
ø
íÝß8Þ6ð!ß>Þ
ø
û;ý#Þß MÜ2ß8Þaíî8û;Ü2ð!íú
ø
íü!ÜIßZíîÜIß8òbHð!þNÞß£ß>ÜIðOî8ß.í2ß>îa+ÜOé
å
ù
ced1c
f
dghijlk	m>iUdn
oﬀkDpWqr-s	sDtuv:w>p
x	yz{|{}{~qvu:tk	t
yoﬀkDpe-y	qqOwqw>o>u%Wo>kDp
{/kDo>Ł+y-qqTmuoﬀk	vq
vt()zOA|`-oﬀkDpV|,vo>kﬃtup&/k-+wuq+vy,
e
V

wwuq:pﬃtuwul+-¡ 6o>umwŁ+k)

-¢	+A£@¤¤>d	)w¥|%F	¦UkDqvur-V§hﬃO£¨

wwuq:pﬃtuwul+-©gg¨ﬃ{/k	k-r)	w	{qvutk)D{qvuts		y-q%Qd-£¨ﬀd¨

utªk)¥	«

wwuq:pﬃtuwul	¡ }pﬃ(o>k	k)	¬A£¤¤¤Aw¥|%F	¦UkDqvur-V
f
gﬃD©ng

utªk)¥	«

wwuq:pﬃtuwul¥D+wp	oﬀ	ŁFD­1D{1ﬃ }p(oﬀk	k®	¬+-¬o>	k))|D	¯°D±[Ł+tv	oﬀr	²Dj
¢	+D©gg©A{/s³¢ﬃ|D)£%dgﬃhn¤

utªk)¥	«

wwuq:pﬃtuwulﬃwv´oﬀŁUD©gg§ﬃqr-x	
+v:vw>pWvtWl	y-q@oﬀŁ)w+wªµDw@vvw@uq%
[	wk®l¶1

w@+wuqpﬃtuwu@)l+l|%t>·DwŁpAO¢	l¶1wk³pﬃuw>o>r)l¬l+

ty	%w)¬T+

u:tªk)l)«+
¬¸w@Ł+Ł+w@yﬃAO+Dltu:vwu@	¹A|³+A|,voﬀ	Łw,5D¬A|,ºy
»,t>ªoﬀ»{1	jD±¬o>	k))|DD¯°+D©gg©ﬃ
{/sD¢,h§
f
)O£§¤
[	wk®l¶1

w@+wuqpﬃtuwu@)l+l|%t>·DwŁpAO¢	+l¬l+

ty	%w)¬)

u:tªk)TO«+O¬wŁ+ŁwyDlO
¬¸Ł+xDtr-uk	w,AD¬	ltu:vwu@	¹D|D+Ar)D¯°-¹+"¼¬oﬀ	k®A|DD¯°+-©gg©ﬃ{/sD¢,§£nﬃO£gn§
[	wk®D¶1+D/r®D¯°	¹

w+wuqpﬃtuwu@lﬃwvo>ŁU+-©gg§ﬃ®{/sD¢-§ﬀd,§
r)D¯°¹+-¬oﬀ	k)A|³	¯°+	|o>ﬃk)­1ﬃ ½

wwuq:pﬃtuwul³Dw>p	o>	ŁU

utªk®³«+ww>pA-¬¾-¢	+

DoﬀŁŁoﬃADl¿uo>x	xDw,5|³DA£¤¤¤oﬃ){/s³¢		hﬃ£@nﬃO£gg©
r)	¯°-¹+¬oﬀ-k)A|D¯°+D|oﬀ+k)­1ﬃ ½

oﬀ³oﬀu-j+

w@+wuqpﬃtuwu@,l+

utªk)	ﬃ«³Dw>p	o>	Ł)
wwpA	¬+D©gg£{/sD¢	Dh§¨ﬃDd,§©
r)D¯°D¹#©gg¨D{/sD¢		hn©T£@©ﬀd	£
¬wŁ+Łwy,AO+ﬃw@voﬀŁU)£@¤¤¤ﬃ)|[¦jD¨
f
§hl££7d
Dw+k	wl¯°O{1+O¯Vo>uuq7[Oj+;¶/wkDpwuqtk);¢	l+l¬kDo>s	s);­1l{1lÀ|Q%	k	wpﬃwu@)¯°

+¹£@¤nnﬃ
-y	qq|%us	vo	Á©©ﬃO£h
f
Â
Do>k	m	¶1¥OD±|oﬀesDqtk)D­1D¶1A£¤n¤){/vt
­oﬀvoÃo>kDp&zrD%Ł+woﬀu­~oﬀvoeÁloﬀx	Łw>q%d,¨)£
Ä)Å>Æ#ÇAÈ>ÉÊÈﬀÉÆ#Ë>Ì)ÍOÎÇAÈ>ÉÏÊÈÎÉÏÊÐÍ)Æ#ÌÅÌÏÅ>ÊlÑOÑ;ÒÓ+ÔUÄ,Õ7ÖV×ÎØÉÏÙ7ÇAÚ>Û>ÜÞÝ>Ü
